INTRODUCTION
The Lanczos-preconditioned, folded (sin x)/x interpolator (termed the "interpolator" for brevity in this report) is an interpolation procedure designed to operate on data that are equally spaced, meet the Nyquist criterion, are representable by numerical sequences that reasonably can be fitted by continuous functions satisfying the Dirichlet conditions, and have the appearance of being composed of a set of trigonometric functions (Bailey, 1966) .
When applied to a summed set of periodic trigonometric functions, the interpolator will give exact results, as will the Fourier methods upon which the interpolator is based. When applied to field data for which non-zero values and slopes occur at the end points, the interpolator produces results that look realistic.
Significant trends with first-order discontinuites are removed in the program by first linearly detrending and then reflecting the detrended function using odd-function symmetry (Lanczos, 1956 p. 24.1). In this way, the continuity of the function and its first derivatives at the termini of the expanded data interval is 'guaranteed, and satisfactory convergence of the trigonometric series is assured.
We call this prior treatment of the data "Lanczos preconditioning." One can think of this conditioning process as one of forcing the original data set into being a well-behaved periodic function.
After the properly sampled function is Lanczos preconditioned, it is operated upon by the modified kernel of Zygmund (1952, p. 50) as discussed by Hamming (1962, p. 282 ).
The computer program for implementation of the interpolator was written in an extended BASIC language developed by Tektronix, Inc. for use with their 4.051 Graphic System. Three pieces of Tektronix computing equipment are required by the program: a 4-051 Graphic System with a 32K-byte memory, a 4924 Digital Tape Cartridge, and a 4 631 Hard Copy unit. The program is self prompting.
In working through the sample problem, the user will notice that the program prints questions and requests followed by a flashing question mark. The computer then waits for a response from the keyboard.
Replies entered in running the sample problem are enclosed in boxes.
DEVELOPMENT OF THE INTERPOLATOR
A continuous band-limited signal, when sampled at the Nyquist interval, can be completely described by the well-known Shannon sampling 1 theorem:
where to = 2 TT f , and T = 1/(2^ ). Because any function of finite duration can be thought of as the product of itself and a rectangular pulse whose elevated section is of the same duration, the Fourier transform of any finite-length function will contain spectral components above the Nyquist frequency.
However, if the original function is Lanczos preconditioned and then forced into periodicity at this new period, then the infinite trigonometric series of (1) can be expressed as a finite series. Development of the folded (sin x)/x coefficients proceeds on this basis.
Systematic summation of the cross products of these coefficients with the ordinal values of the sampled function yields the detrended interpolated value.
Consider, as shown in figure 1, a finite-length function sampled at eight points at an interval of T.
Shown beneath the plot of the function are the associated Lanczos preconditioned function and some of its periodic repetitions. The interpolated value at the point P is desired. In this example, the number of independent sample points N is 7, and the length of the Lanczos preconditioned interval L is HT.
Using d as the distance from the origin at M = 0 to the point P, adopting the index K to denote the number of repeated intervals, and letting p be a decimal expressing the proportional position of the interpolated point (for example, p = 0.2 would mean point P is a fifth of T), then the (sinx)/x weighting factors associated with each ordinal value would be given by
Thus for the example shown on figure 1,
which can be expressed as on the original function and B(M) on the periodic function, the index ranging from -6 to 7. Distance d is from the origin at M=0 to the point P at which the interpolation is desired. An index K is assigned to identify each repeated periodic interval. Shown by dimensioned distances are the distances in specific and generalized terms for the point P to ordinates B(3) and B(-3) for K=-l to K=l.
For an interpolated point lying between positions n and n+1 , the detrended interpolated value would be obtained from the summation
where if (-M-n) is less than -(N-1), then (-M-n) is replaced by the term (-M-n+2N). As an example, consider the point P to be between the 4-th and 5th points. The interpolated value would be with n = 4->
Thus once the coefficients are determined, 2N being required for each p value, it is a simple and quick computer task to find f(p). 
Since COt X = T-
and with resubstitution of the m and L quantities, (12) becomes
« '
Interpolation is completed upon reinstatement of the portion of ordinal values removed during linear de trending.
EXAMPLES USING THE COMPUTER PROGRAM
The program of this report was designed as a complete program to compute interpolated values within a specific traverse or time series. In its more common application, the interpolator is included as a subroutine of a larger program.
It is our hope that after study of the development in the previous section and after working through the sample problems that the reader will be sufficiently familiar with the method to adapt it to his particular needs.
As with most data-processing programs, this one begins with a data entry section.
The If a I is your reply, then a display such as shown on figure 2a will develop; if an N is your entry, then the program assumes you want to work with time-series data.
After making entries as prompted, you are asked as to whether you want to store the data you have entered. On figure 2a, storage was selected; on figure 2b, it was not. If you elect to store the keyboardentered data on a master data tape (MDT), you are requested to supply the number of the file in which the data are to be stored. Upon receiving a I response to the question of sufficient file length, data are stored on tape.
Next you are asked to enter the number of interpolation points between adjacent values.
In both examples we entered a 9. Thus, for the profile example ( fig. 2a) , we wanted interpolated values at a spacing of 1 m along the traverse; for the time-series example ( fig. 2b) 
HO. OF INTERPOLATION POINTS BETWEEN ADJACENT UALUES »{T DO YOU WANT TO PLOT ORIGINAL FUNCTION? <Y OR N) [7]
Figure 2a.
Copy of screen display showing example of data entered from the keyboard for the profile-data sample problem. 
LANC20S-PRECONDITIONED FOLDED SINX/X INTERPOLATION DO YOU WANT TO INPUT VALUES FROM

NO. OF INTERPOLATION POINTS BETWEEN ADJACENT UALUES -HP DO YOU WAHT TO PLOT ORIGINAL FUNCTION? <Y OR N> [Y]
Figure 2b. Copy of screen display showing example of data entered from the keyboard for the time-series sample problem.
Finally you are asked if you want to plot the original function. Our general practice is to request this plot ( fig. 3 ) and then scan it for patent errors. The title block of this plot, and all others of the program, contains: an identification of the function (first line), the number of values and the minimum and maximum values, and where they occur, (second line), and a short description of the original function (third line). The mean value of the function is drawn across the plot. Upon making or skipping the plot of the original function, you are asked if you want to see a plot of the detrended function ( fig. 4.) . At this place in the procedure, end points of the function equal zero. Figure 5 shows the original function after it has been Lanczos preconditioned; that is, detrended and odd-function folded.
It is this function that is forced into periodicity.
Note that at the termini the derivatives are continuous and equal.
In order to save processing time, figures 4-and 5 usually are not displayed; however, in this report, the plots are included in order to make the computing procedure of the program easier to follow. In repeated calculations with the interpolator, if the number of original data points and the number of interpolated values are to be the same; for example, when constructing a map consisting of profiles of equal number of stations; then, the coefficients need be computed only once. These coefficients are then stored for later recall. An example of the procedure to be followed in order to store the interpolated function is displayed on the bottom five lines of figure 8.
A plot of the interpolated function for the time-series example is shown on figure 9 followed by a listing of values of this function on figure 10.
If this sample problem represented a section of a seismic record taken at a sample interval of 1 msec, but you needed to read arrival times to the .nearest 0.1 msec, then the interpolator could be used to produce a function that subsequently could be searched for trough, peak, and zero-crossing times.
ADDITIONAL COMMENTS ON THE PROGRAM
In order to put the programs of this report to work, you must know how to perform the following operations:
1. transcribe the programs into the computer, 2. store the programs on magnetic tape, 3. retrieve the programs from magnetic tape, 4» enter information from the keyboard, and 5. copy the screen display. Four control characters (ones requiring the holding down of the control key as the letter is entered) are used in the programs: G (ring bell), K (move cursor up one line), L (erase screen and move cursor to the HOME position), and the RUB OUT (move cursor to the left margin and down one line). In the printed listing these control characters are shown as G_, K_, L_, and _, respectively. Figure 8 .
Listing of values of the interpolated function for the profile sample problem and five-line procedure for storing results. Figure 10 .
Listing of values of interpolated function for series sample problem.
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